We report on the synthesis and the physical properties of Ba 1-x Rb x Ti 2 Sb 2 O (x ≤ 0.4) by x-ray diffraction, SQUID magnetometry, resistivity and specific heat measurements. Upon hole doping by substituting Ba with Rb, we find superconductivity with a maximum T c = 5.4 K. Simultaneously, the charge-density-wave (CDW) transition temperature is strongly reduced from T CDW ≈ 55 K in the parent compound BaTi 2 Sb 2 O and seems to be suppressed for x ≥ 0.2. The bulk character of the superconducting state for the optimally doped sample (x = 0.2) is confirmed by the occurrence of a well developed discontinuity in the specific heat at T c , with ∆C/T c ≈ 22 mJ/mol K 2 , as well as a large Meissner-shielding fraction of ≈ 40 %. The lower and the upper critical fields of the optimally doped sample (x = 0.2) are estimated to µ 0 H c,1 (0) ≈ 3.8 mT and µ 0 H c,2 (0) ≈ 2.3 T, respectively, indicating that these compounds are strongly type-II superconductors.
I. INTRODUCTION
Density waves (DWs) are collective states of broken symmetry that arise from electronic instabilities that are often present in highly anisotropic structures. In some cases they compete with superconductivity, which is an another collective electronic state. The emergence of superconductivity in iron arsenides has attracted great interest in the physical properties of transition metal pnictides in general. In most of these materials, superconductivity occurs in proximity to a spin-density-wave (SDW) transition, and is found to exhibit unconventional properties (see, e.g., references 1 and 2). Until now, several systems have been investigated in which superconductivity emerges upon complete or partial suppression of charge-density-wave (CDW) ordering, such as 2H-NbSe 2 3 , Ba 1-x K x BiO 3 4,5 , and Cu x TiSe 2 6 .
Likewise, the formation of CDW order has been observed in the normal state of supercon- while superconductivity reaches a maximum T c of up to 5.5 K at substitution levels around 15 mol-%. [9] [10] [11] [12] Detailed NMR and µSR studies have shown that a CDW ordering is most likely competing and coexisting with a conventional superconductor with an s-wave gap.
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In this article we will show how superconductivity and CDW ordering evolve in Ba 1-x Rb x Ti 2 Sb 2 O as a function of the substitution of barium by rubidium. We will evidence that the CDW ordering transition T CDW is continuously lowered and eventually suppressed with increasing rubidium content, while the transition temperature to superconductivity, T c , is increased, reaching a maximum T c,max = 5.4 K for x = 0.2 (in specific-heat measurements).
Our results support the idea that the chemical pressure effect for the superconductivity in these materials is of little importance, whereas the hole doping by the incorporation of Na + , K + , and Rb + , and along with it the variation of the density of states at the Fermi-level X-ray powder diffraction measurements were performed using a Stoe STADIP diffractometer (Cu-K α1 radiation, λ = 1.54051Å, Ge-monochromator). Rietveld refinements and profile fits were performed using the FullProf program. 15 The magnetic properties were studied using a Quantum Design Magnetic Properties Measurements System (MPMS XL) equipped with a reciprocating sample option (RSO). The plate like samples were placed in parallel to the external magnetic field in order to minimize demagnetization effects. Specific heat and resistivity measurements were performed with a Quantum Design Physical Property Measurement System (PPMS). For the resistivity measurements, a standard 4-probe technique was employed with 50 µm diameter gold wires attached with silver paint. The applied current for these measurements was I = 1.5 mA. Specific-heat measurements were performed with the Quantum Design heat-capacity option using a relaxation technique. 14 This phase transition temperature T CDW is strongly reduced and eventually suppressed with increasing rubidium content. For a relatively small doping of x = 0.05 the CDW transition is already lowered to 34 K, whereas the critical temperature is increased by more than 2 K to T c = 3.7 K. Taking the absolute value of the resistivity as a measure for the metallicity of a sample, we can state that the increase of the superconducting transition T c 4 and the decrease and subsequent suppression of the CDW ordering temperature T CDW go along with a decrease in metallicity. A similar trend for ρ(T ) has been reported for Na and Bi substituted BaTi 2 Sb 2 O, and it has been attributed to enhanced impurity scattering or to the proximity to a metal-insulator transition.
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The DC magnetic susceptibility χ(T ) for temperatures from 1. The field-dependent resistivity measurements for x = 0.05 and optimally doped x = 0.2 are shown in figures 4a and b for external fields µ 0 H ≤ 3 T. As expected, the transition temperature T c is gradually reduced with increasing magnetic fields. We have defined the corresponding upper-critical fields H c2 using a 50% criterion, i.e., the upper critical field H c2 (T) is defined by the temperature T at which 50% of the normal-state resistivity is sup- the Werthamer-Helfand-Hohenberg (WHH) approximation,
The resulting upper critical fields are µ 0 H c,2 (0) ≈ 1.3 T for x = 0.05, and µ 0 H c,2 (0) ≈ 2.3
T for x = 0.2, respectively.
According to Ginzburg-Landau theory, the upper critical field at T = 0 K, H c2 (0), can be used to estimate the coherence length ξ(0) at T = 0 K using In figure 5 we show the specific heat of the optimally doped sample (x = 0.2), in a C/T vs. T representation. The normal-state contribution has been fitted to the data between T = 6 K and 13 K according to the standard expression
with the Sommerfeld constant γ and β = 12π 4 nR/5Θ 
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In the upper inset of figure 6 we show the zero-field cooled (ZFC) and the field-cooled although the definition of a linear m(H) regime used in that approach also leaves some room of ambiguity. We nevertheless applied the procedure described in reference 20 to selected m(H) data for which we could identify a clearly linear m(H) in the limit H → 0 (i.e., for our low-temperature data), and the resulting H c1 values are plotted in the lower inset of figure 6 . A reasonable estimate for µ 0 H c1 (0) can then be obtained by using an empirical formula,
With this approximation and fixing T c = 5.4 K (see dashed line in lower inset of figure 6) we obtain µ 0 H c1 (0) ≈ 3.8 mT. Depending on the criterion used for defining H c1 , these numbers may vary by a factor of unity (taking, for example, the maximum of −m(H) as a criterion for 
and
with a λ ≈ 4200Å.
IV. CONCLUSION
We have described the successful synthesis of the Ba 1-x Rb x Ti 2 Sb 2 O x ≤ 0.4 solid solution, and presented data on their basic physical properties. X-ray diffraction data show that the compounds are single phase with a crystal structure isopointal to the CeCr 2 Si 2 C-type (P 4/mmm) structure. Our temperature dependent resistivity measurements reveal a continuous and drastic decrease of the CDW ordering transition temperature, by replacing barium by rubidium, with the CDW transition fully suppressed for x ≥ 0.2. At this doping level, superconductivity reaches its maximum critical temperature T c = 5.4 K (in specific-heat measurements). Both a well developed discontinuity in the specific heat at T c , and a large
Meissner-shielding fraction indicate the bulk nature of superconductivity. Larger rubidium contents than the optimum value x = 0.2 lead to a decrease of the diamagnetic shielding fraction, with a T c remaining essentially unchanged. From our data we obtain estimates for the lower and the upper critical fields H c1 (0) ≈ 3.8 mT and µ 0 H c,2 (0) ≈ 2.3 T for the optimally doped sample with x = 0.2, indicating that these compounds are strongly-type II superconductors. Our results support the scenario that hole doping by the incorporation of Na + , K + , and also Rb + is of great importance for the suppression of CDW ordering and the occurrence of superconductivity in these materials.
